A number of studies have defined and tested the temporal sensitivity of willingness to pay to payment schemes and the resulting implied discount rates for environmental projects. We demonstrate that those studies have imposed restrictive assumptions on the structure of the willingness to pay function and the underlying decision process. We investigate the temporal sensitivity of willingness to pay using a new temporal willingness to pay function applied to a proposed oyster reef restoration program. We find that 1) holding the length of the project constant, the temporal willingness to pay for the project is the same across different payment schemes, 2) temporal willingness to pay does not vary significantly across projects of varying lengths, and 3) estimated discount rates are low relative to previous studies, but vary significantly across payment schemes and project lengths.
Introduction
Environmental improvement and restoration projects frequently involve public expenditure over long periods of time. Despite the potential time lag, or better, time path between project initiation and the recipt of project benefits, standard cost-benefit analysis technique often take place in a static setting. Understanding the relationship between public good provision and individual elicited willingness to pay over time is thus critical for accurate benefit cost analysis.
Two interrelated anomalies associated with elicited willingness to pay for public goods related projects over time have been noted: temporal insensitivity of willingness to pay (WTP) to payment schemes and variation of discount rates over time. (Crocker and Shogren 1993 , Thaler 1981 , Stevens et al. 1997 2 . Stevens et al. (1997) define two types of temporal embedding effects: strong insensitivity and weak insensitivity to payment schedule.
Strong insensitivity to payment schedule indicates the inability of respondents to differentiate between a series of payments and a lump sum payment on the project. Let be the lump sum willingness to pay for an entire project, and be the annual willingness to pay for the t-th year of the same project. Strong insensitivity is defined as and algebraically implies an infinite discount rate. Weak insensitivity allows for inequality of individual WTP between two temporally differentiated payment schemes but implies abnormally high implied discount rates
Kahneman and Knetsch (1992) find evidence of strong insensitivity of median WTP for funding a toxic waste treatment facility wherein respondents showed the same lump sum median willingness to pay ( ) and annual willingness to pay ( ) over a fiveyear payment scheme. On the other hand, a series of papers (Rowe et al. 1992 , Stevens et al. 1997 , Ibáñez and McConnell 2001 , Bond et al. 2002 reject strong insensitivity but find
In addition to the temporal embedding effect, scope and scale embedding effects have been reported in the contingent valuation studies. Moral satisfaction (Kahneman and Knetsch 1992; Diamond and Hausman 1994) , symbolic bias (Mitchell and Carson 1989) , or design and analysis product (Smith 1992; Hanemann 1994 ) are known to be responsible for scope and scale embedding effects.
weak insensitivity of WTP with discount rates ranging from two digits to several thousand percent 4 .
Previous studies for valuing intertemporal environmental projects have inadvertently imposed strong assumptions on the underlying decision process of a subject.
By assuming that the present value of willingness to pay (PVWTP) is constant across all payment schemes, they automatically assume a variance for the conditional distribution of PVWTP that is invariant to the payment schedule 5 . But, if PVWTP is not invariant, then we cannot compare two present values from different payment schemes, and as we will show, if PVWTP is heteroskedastic across different payment schedules, the variance is unidentified 6 . Identification and estimation of the discount rate by varying the payment scheme relies critically on the assumption of a consistent and homoskedastic PVWTP independent of payment context.
In this paper, we relax the strong assumptions in previous studies and derive implied discount rates by redefining the temporal insensitivity of willingness to pay and testing for consistency and heteroskedasticity. To alleviate restrictive assumptions about the PVWTP,
we define an alternative temporal-dimensioned valuation process for environmental projects, temporal willingness to pay (TWTP). The new concept of temporal willingness to pay is used to redefine temporal insensitivity of WTP to payment schemes. We then show how to derive and test implied discount rates from temporal willingness to pay responses.
To foreshadow the final results, we show that TWTP derived from a value elicitation survey on oyster reef restoration programs in the Chesapeake Bay does not vary by payment scheme or the benefit stream offered in the survey and implied discount rates vary significantly across the length of project life and time span of the offered payment schedules. 4 Relatively high implicit discount rates are found in experimental research as well. Harrison and Johnson (2002) and report 28.1 percent individual discount rates in average over all subjects in a field experiment in Denmark. Coller, Harrison and Rutström (2002) provide a similar experimental result. 5 Haab et al. (1999) test the consistency of WTP under real and hypothetical formats. They find that correcting for heteroskedasticity yields similar estimates of WTP across different question formats. Huhtala (2000) investigates heterogeneous preferences in the contingent valuation method by distinguishing preferences according to the respondent's attitude on environmental policy. He finds that heterogeneity in preferences explains differences WTP estimates. 6 More on this in section 2.
Present Value of Willingness to Pay vs. Temporal Willingness to Pay
Environmental projects, by their nature, include a temporal dimension to benefits and costs. Suppose that a proposed project consists of a stream of annual benefits t B , t = 1, 2,…, and an associated stream of annual costs, , t = 1, 2,…, , where represents the life of the benefits of the project and is the life of the costs. The project is fully described by the series of benefit/cost pairs ( With this alternative definition of the willingness to pay for the benefit from a proposed project, the insensitivity of WTP to temporal payment scheme is defined such that TWTP does not change due to the payment schemes:
T can be given in the survey explicitly by the researcher. However, a respondent may perceive the terminal period of the benefit stream to be different from that stated. In such a case, PVWTP has a different time-span of discounting for each respondent. 9 However, Carson et al. (1997) show that CV estimates exhibited no significant sensitivity to the timing of interviews. where l and k represent different payment schedules. The prevalent assumption in the existing literature that PVWTP is same across payment schemes can be tested by comparing TWTP across different payment schemes. Since TWTP is a lump-sum value that an individual may have for the environmental project at the decision moment, the TWTP model does not require the researcher to sum the discounted errors across time or impose restrictions on the temporal relation of multi-period error terms.
The value of the cost stream for a project is typically derived in terms of the present value. Since the annual cost is usually constant across time ( ,
where j represents the payment schedule, is the terminal period of the cost and is discount rate of the cost stream. The discount rate or discount factor of the cost stream can be different from the discount rate of benefit stream since it depends on different factors such as market discount rate, uncertainty in the financial market, etc.
PVC has parameters specific to the payment scheme. For a lump sum payment of in period 1, PVC is:
implying that
and . Finally, PVC of perpetual payment of is
with when the discount rate is positive. When the coefficients of (2), (3) and (4) are identified, the discount rate of cost stream is estimated by the ratio of any pair 
The Oyster Reef Restoration Program in the Chesapeake Bay
To test the sensitivity of willingness to pay and discount rates to offered payment schemes in the new framework, we apply a unique contingent valuation survey to the study of an oyster reef restoration project in the Chesapeake Bay in Maryland. Tall reefs in the Chesapeake Bay are the primary habitat for Bay oysters, the most harvested seafood species in the Chesapeake Bay. Due to intense harvesting over more than one hundred years, very few reefs remain in the Bay and oyster populations have fallen to less than one percent of their historic maximum levels. In 2002, the Chesapeake Bay Foundation commissioned a study to measure the benefits from a proposed oyster reef restoration program (Haab, Hicks and Lipton, 2004) . A phone-mail contingent valuation survey was designed to assess regional resident willingness to pay for the project. (2,000) acres of habitat preservation per year.
For each restoration program, one of three temporal payment schemes were randomly offered to each respondent: 1) a one-time (lump sum) payment to a special oyster-reef restoration fund on next year's state tax return 2) an annual payment to a special oyster reef restoration fund on state tax returns over the life of the project and 3) a permanent annual payment to the fund on the state tax return. The final survey consisted of a 2x3 design (2 project lengths and 3 payment schemes). Figure 1 illustrates the structure of the survey design including bid values in each design. Bid values were determined based on pre-testing of the questionnaire with local focus groups.
[ Figure 1 located here]
Respondents faced a hypothetical referendum question for the randomly assigned restoration project and payment scheme. For example, the question for the five-year project with one-time payment reads as follows;
The restoration program is estimated to cost your household a total of $___. Your household would pay this as a special one time tax added to next year's State income tax. If an election were to be held today and the total cost to your household was $___ would you vote for or against the 5 year restoration program (Check one)?
I would vote for the program I would vote against the program I do not know whether I would vote for or against the program For annual and perpetuity payment schedules, the questions were re-worded appropriately.
Each design of the payment type had a set of three bid points, from which each respondent receives one. The payment values used in the one-time payment were selected from the set of {$50, $150, $300}. A 25% discount rate was applied to calculate the annualized payment for both the annual and perpetuity payment schemes 10 .
Estimated Models and Results
The simplest estimated model assumes a linear function for ( ) f ⋅ and additive error term in equation (1):
Assuming a normal error distribution with mean zero, the conditional probability that a respondent i will vote for a program k given the payment version j is
where β % 's are parameters normalized by the standard error, , k j σ , and ( ) ⋅ Φ is the standard normal cumulative distribution function. Equation (5) is the standard probability of a vote for the project in a probit referendum model and the probability of vote against is defined as the complement to the probability of vote for.
11 Generally, the variance of the error term is conditional on the project version (k) and payment scheme (j). However, we cannot identify B β % or C β % from the conditional probability because the variable for the benefit stream is invariant to project length and payment scheme. We circumvent this problem by pooling data across different project versions or payment schemes. The reader should note that in this formulation, the coefficient on the fee is expected, C β % , to have a positive coefficient since the cost enters negatively. This is a more direct specification of the true underlying utility model than the standard practice of entering the cost as a positive and then estimating the negative of the marginal utility of income (see Haab and McConnell for details). See Haab and McConnell (2002) for details on estimating such models. 12 Among 1,710 who participated in the mail survey, 519 observations were used for the analysis after dropping incomplete responses. To remain conservative, the 'I don't know' response is assumed to be 'vote against' response (Carson et al. 1998, Groothuis and Whitehead 1998) . In most cases, response conforms to expectations with the proportion of 'vote for' responses decreasing with increases in the bid amount. However, the proportion of respondents voting for the project violates the monotonicity of probability distribution in two cases: from A1a to A1b and from B3b to B3c. These problematic features of data may distort estimation result and temporal insensitivity test because they arise in the potential tail of the distribution (Cooper and Loomis 1992, Kanninen, 1995) . In nonparametric estimation, the pooled adjacent violators algorithm (PAVA) has been suggested by Kriström (1990) to provide a self-consistent bounded estimator such as Turnbull estimator for the inconsistent data.
project is statistically indistinguishable from that of the five-year project that has faster provision of the identical final target quality.
[ Table 1 located here]
Pooling data over payment schedules provides conditional probabilities that may vary across different projects:
where is a dummy indicator for payment type j. If the model is homoskedastic across project and payment scheme and if TWTP is different only in the mean across the project version, then the data can be pooled over all project versions and payment types, and the probability function of equation (5) becomes
The consistency of TWTP and constant variance in equations (6) and (7) are strong assumptions that will be subsequently relaxed and tested. Table 2 and 3 report the estimation results of equation (6) pooling all possible combination of payment types for the five-year project data and estimation result of equation (7) for pooled data over projects,
respectively. The scaled model will be explained in the next section.
[ Table 2 σ . In this formulation, the parameter estimate of log bid is independent of the discount factors because by construction, the discount factor is isolated from the bid variable: ( ) ( ) 
A Sequential Test for Temporal Insensitivity of TWTP and Implied Discount Rates
In the PVWTP model, the procedure for testing temporal insensitivity and estimating implied discount rates assumes that PVWTP's are consistent and error terms are invariant across payment schemes. Violations of the consistency causes PVWTP and discount rates to be unidentified, and violation of homoskedasticity requires more careful calculation in deriving implicit discount rates. If consistency and homoskedasticity are not rejected then the implied discount rate can be calculated based on the test result.
The null hypothesis for testing consistency and homoskedasticity of TWTP across payment schemes is: 
Test Results
The five-year project and five and ten-year project have been tested for consistency and homoskedasticity of TWTP by pooling data over all possible combination of the three payment schemes. Table 1 Table 2 . For A1 vs. A2, the restricted log-likelihood value is -108.74. The LR test statistic for the hypothesis of A1 and A2 is 6.44, which is reported in Table 4 . We fail to reject the consistency hypothesis for A1 and A2 with 95% confidence.
The next step of the test is to compare the scaled model and pooled model. The restricted conditional model for five-year project is reported under the title of "pooled" in Table 2 (for AB model, Table 3 ). For A1 and A2, the restricted conditional log likelihood value is -109.51, thus the LR statistic is 1.43 with degrees of freedom of one. The sequential test with A1 and A2 shows that respondents value the oyster reef restoration project consistently and the error terms have identical variances. The test result enables us to pool data across payment schemes and to derive the implied discount rate. Using the formula in equations (2), (3) and (4), we can derive implied discount rate from the parameter estimates associated with payments. From the results of the sequential test, the estimate of PVC is the normalized parameter on the offered bid divided by the common standard deviation σ. If the standard deviation of the error term is constant across payment type, then the implied discount rate is
from equations (2) and (4) or the solution to the nonlinear function:
from equations (2) can estimate the implied discount rate using parameter estimates in scaled data model as follows:
where . Table 5 located here] Table 5 reports various implied discount rates from all possible combinations using equation (8) and (9), and using the relation between 2 C β % and 3 C β % 13 r . Except cases in which estimates are insignificant, implied discount rates ranged from 20% to more than 100%.
Estimated discount rates are still relatively high but much lower than previous studies. For the five year project, the short term discount rate (or near-term discount rate, ) is larger than the long term discount rate (or distant-term discount rate, ) implying hyperbolic discounting (e.g., see Cropper and Laibson 1999) .
1A
r Finally, Table 6 reports the estimate of the expected TWTP and its 95 percent Krinsky-Robb confidence interval. TWTP of the one-time payment scheme used the estimation result of the split sample in Table 1 and the other TWTP's were estimated based on consistency and homoskedasticity of TWTP. TWTP for oyster reef restoration programs in Chesapeake Bay are $263~277 for five-year project in the five-year project only, $216~234 for five-year project and $181~198 for ten-year project using the combined data.
While we expected WTP for the five year project to be higher than that for the ten year project, because the five-year project provides the benefit stream faster than ten-year project does, the difference between TWTP for the two projects is not statistically significant.
[ Table 6 located here]
Conclusions
Previous studies have defined and tested the temporal insensitivity of willingness to pay to payment schemes in terms of the present value of willingness to pay. Unfortunately, those studies have imposed the restrictive assumptions that the willingness to pay is timeseparable and the present value of willingness to pay is identical across different payment schemes. In this paper, we redefine the temporal insensitivity of willingness to pay in terms of the temporal willingness to pay. Different from the classical definition of the temporal embedding effect, the temporal insensitivity of willingness to pay demonstrates the consistency of valuation behavior independent of payment schemes.
Using the sequential test proposed by Haab et al. (1999) , we tested the assumptions of the new model using an application from oyster reef restoration programs in Chesapeake
Bay. The test results show that holding the length of the project constant, the temporal willingness to pay for the project is statistically identical across different payment types. In holding the payment scheme constant, however, temporal willingness to pay does not vary significantly across project versions, which implies that at the time of the survey, respondents may value the project based on the final change in the environment but do not care how fast the benefit is supplied once the project is implemented. Estimated discount rates were high, but low in relation to previous studies, and varied significantly across payment schemes and project versions. However, the five-year project shows consistently high discount rates in the short term and low discount rate in long term indicating hyperbolic discounting. † Calculated using coefficients of One time and Perpetuity in pooled data. ‡ Calculated using coefficients of One time and Annual in pooled data. § Calculated using coefficients of Annual and Perpetuity in pooled data. † † Calculated using coefficients of 5 and 10 year Annual payments in pooled data. 22
